Objective: To investigate the feasibility and impact of the Food-O-Meter, an Internet-based computer-tailored nutrition intervention in adolescents. Design: Participants in the intervention condition received the computer-tailored advice at baseline and at 1 month, those in the control condition received standardised advice. Effects were evaluated at 1 month (n 621) and at 3 months (n 558) using multi-level modelling. Setting: Secondary schools in six European cities. Adolescents accessed the intervention in the school computer room under the supervision of teachers. Subjects: Classes with students aged 12-17 years in the schools participating in the HELENA (Healthy Lifestyle in Europe by Nutrition in Adolescence) cross-sectional study were randomised into intervention and control schools.
. Energy and fat intakes are far above recommendations, fruit and vegetable consumption is less than desirable and consumption of snacks and soft drinks is too high (4, 6) . Unhealthy dietary patterns in adolescence can negatively affect growth and development (7) and when carried into adulthood may result in chronic diseases in later life, such as diabetes, hypertension, cancer and CVD (8) (9) (10) (11) (12) . The school environment can serve as an ideal place for the development of interventions aiming at assisting children and adolescents to adopt healthy behaviours (13, 14) . Results from previous school-based interventions have revealed favourable but modest changes in eating behaviours, BMI and lipid profile (15) (16) (17) (18) (19) . However, the cost of such interventions is very high. Computer-tailored interventions have emerged as a new and cost-effective type of health promotion programme because they enable personalisation of health education without the high costs of interpersonal counselling (20) . Such interventions provide individualised feedback about participants' health behaviours and personalised suggestions on how to achieve the desired behaviours (20) (21) (22) . Computer-tailored interventions provide personalised feedback on individuals' deviation from recommendations, helping them to realise the gap between current and desired dietary behaviours (23) . In addition, their applicability in electronic non-print media enables wide distribution with relatively little cost (24) . To date, only a few computer-tailored interventions have tried to target eating behaviours in adolescents. Haerens et al. (25) evaluated the effects of a middle-school healthy eating intervention combining environmental changes and computer-tailored feedback. The intervention was effective in reducing fat intake in girls but not in boys. Frenn et al. (26) examined the effectiveness of an Internet-video-delivered intervention to reduce dietary fat intake among low-income adolescents and found that those who completed more than half the sessions decreased the percentage of energy from fat. Casazza and Ciccazzo (27) showed that students receiving computerbased education decreased their self-reported fat intake compared with those receiving traditional education.
All three interventions focused on one or a few food components (25) (26) (27) , e.g. fat and fibre intake, fruit and vegetable consumption and soft drinks. However, it has been argued that focusing on multiple dietary behaviours simultaneously may be better than addressing one nutrient component at a time (28, 29) . Therefore the aims of the present study were: (i) to investigate the feasibility of implementing an Internet-based tailored intervention addressing several aspects of the eating habits of adolescents in European cities; (ii) to assess the acceptability of this intervention for schools and students in six European cities; and (iii) to explore the effects of the intervention on the nutrient intakes of adolescents.
Methods

Study protocol and participants
Data are part of the Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) project. The HELENA project is a European Union-funded research project aimed at obtaining reliable and comparable data on a representative sample of European adolescents concerning nutrition, physical activity and obesity (30, 31) . The second aim is the development and evaluation of a computer-tailored intervention to promote physical activity and healthy eating. The physical activity component -the Activ-O-Meter -is a Flemish intervention that was adapted for use in an international context; the evaluation is reported elsewhere (32) . The present study focuses on the feasibility, appreciation and effectiveness of the Food-O-Meter. For this a drop-out analysis is performed, the appreciation of the advice is investigated with a questionnaire and the intervention effects on the adolescents' nutrient intakes are explored.
Intervention (the Food-O-Meter)
The Food-O-Meter is part of the HELENA lifestyle intervention (LSEI). The LSEI consists of two components: a physical activity component (the Activ-O-Meter) and a nutrition component (the Food-O-Meter). All intervention schools had to implement the two components and all implemented the Activ-O-Meter first. The development of the Food-O-Meter was based on the procedure of developing computer-based interventions described by Brug et al. (33) . The Food-O-Meter consists of: (i) a validated FFQ for measuring the dietary intake of adolescents; (ii) a food composition database; and (iii) a decision tree for generating individualised advice for enhancing the dietary intakes of fibre, vitamin C, Ca, Fe and fat and for beverages. The intervention starts with an introductory page giving information on the aim of the intervention, questions on age, gender, height and weight, and screening questions for eating disorders. Adolescents identified as at risk for eating disorders and those following a prescribed diet could not continue to fill in the questionnaires and got standard advice on healthy eating.
Intakes of energy and the target nutrients (fat, fibre, Ca, vitamin C and Fe) were assessed with an FFQ. The FFQ was developed based on the validated computerised FFQ for fat intake developed in Belgium (34) , further extended and adapted to measure the intake of the target nutrients. In total, 137 items (food groups e.g. fresh fruit; individual food items e.g. white bread) were identified as contributing substantially to the overall intake of these components. Each country could include country-specific examples and portion sizes for each food item (35) . A reproducibility and relative validity study in forty-eight Flemish adolescents showed good reproducibility correlations (0?46-0?90). Comparison against four 24 h recalls in the same adolescents showed a relatively small overestimation in seven food groups resulting in an overestimation of energy, Fe, fibre and vitamin C and an underestimation of percentage of energy from fat (36) . As these results were based on a rather small Flemish convenience sample, over-and underestimations were not taken into account for generating the individual feedback in the current phase. There were no reproducibility and validity studies in the other study centres.
For calculating nutrient intakes, a food composition database was built with a total of 137 items mainly from the German Federal Food Code (BLS) (37) and supplemented with the Dutch (38) and the Belgian (39) food composition tables.
The researchers and teachers guided the students through the computer-tailored program. The tailored advice was generated by a decision tree comparing the reported intake for the target nutrients with the (Belgian) recommended intake. The feedback was given in a short tabular form, including the recommended intake, the respondent's actual intake and a symbol indicating if this was 'OK' or not (Fig. 1) . Furthermore, for the 'not OK' nutrients recommendations were generated on the food level (e.g. for fibre: eat more fruit, vegetables). Below the table a sentence was added on the importance of handing the results to others who could help them improve their diet. The advice could be mailed to their personal email address or be printed.
The nutrient intakes assessed with the FFQ were also used for evaluating the effect of the intervention on the students' nutrient intake.
Feasibility questionnaire
Feasibility for the teachers was measured by the drop out of classes from the study.
Evaluation of the appreciation of the intervention by the adolescents was based on existing questionnaires previously used in adults (40) . Twelve items evaluated the advice and one item measured the intended use of the advice. Answers were rated on a 5-point scale from 'totally disagree' to 'totally agree'.
Participating schools
The schools participating in the HELENA cross-sectional study were randomised into 'intervention schools' and 'control schools'. More detail on the selection of the schools for the HELENA Study is provided in Moreno et al. (41) . The random assignment to one of the conditions was done by the researchers by simple randomisation and could not be chosen by the school. The six study centres -Vienna, Ghent, Heraklion, Dortmund, Athens and Stockholm -were asked to recruit at least 200 adolescents of the cross-sectional study within these schools to participate in the intervention study (100 adolescents in the control condition and 100 in the intervention condition). This resulted in a quasi-experimental design as schools and classes and not participants were randomised within the conditions.
Design of the evaluation study
The evaluation study consisted of short-term (1-month) and medium-term (3-month) impact evaluations. The intervention was delivered in the classes in all schools by instructed teachers. At baseline, researchers were present to detect and help to solve possible ICT (information and communications technology) problems. Participants in the intervention condition received the computer-tailored advice at baseline (T1) and at 1 month (T2). Participants in the control condition received generic standard advice in text format covering similar topics as included in the tailored advice at baseline (T1) and at 1 month (T2). At baseline, a separate written acceptability questionnaire was filled in by all students. The students completed the online computer-tailored program and immediately thereafter the acceptability questionnaire during school hours.
Fig. 1 Example of advice given to the adolescents
As the intervention was considered to be part of the regular curriculum, every student present in the classroom participated in the intervention. At T3 all students got tailored advice.
The baseline measurements (T1) were executed in most study centres during February and March 2007. The short-term post-measurements were conducted 1 month later (T2) and the medium-term post-measurements at 3 months post-baseline (T3). A few classes, included in the data, completed the intervention after this period.
Statistical analysis
The frequencies of adolescents participating in the Food-O-Meter are described by country, condition, gender and age category.
Three-level (pupil-school-study centre) linear-mixed models with random intercepts at the study centre and school level were used to explore differences between the appreciation of the standard and tailored advice, controlling for gender, age, dieting and weight status. To investigate sociodemographic differences (gender, age, dieting and weight status) in appreciation, separate linear-mixed model analyses were run for intervention and control groups, controlling for the other sociodemographic variables.
For analysing the intervention effects only those participants finalising all items of the questionnaire and with energy intake between 2510 and 25 100 kJ (600 and 6000 kcal) were included in the analyses.
Linear-mixed models on post-intervention measures of nutrient intake (T2), with condition as between-subject factors, were used to explore short-term intervention effects. Gender and gender-by-condition interaction effects, and weight status at baseline and weight status at baseline-by-condition interaction effects, were entered as factors in the model. Where significant interaction effects were found separate analyses were performed. Analyses were adjusted for baseline values of nutrient intake (T1) and age. The same analyses were repeated to assess medium-term intervention effects by entering nutrient intake at T3 as the dependent variable in the model.
The results from models with main effects only are presented in the tables. P , 0?05 was considered as significant, P # 0?10 as indicating trend. All analyses were performed using the SPSS statistical software package version 15?0 (SPSS Inc., Chicago, IL, USA). Table 1 gives an overview of participating adolescents. In total, 1298 adolescents were enrolled in the study at baseline, spread over the six study centres. As inclusion differed by study centre and condition, more students were included in the intervention schools. Drop out did not differ by condition, but differed greatly by study centre. At baseline (T1) somewhat more girls were included in the study in the control schools. For the analysis at T3 somewhat more girls were included in the control schools and more boys were included in the intervention schools. Older (.15 years) adolescents were greater in number at baseline in the control schools and intervention schools. At T3 there was lower number of older adolescents in the intervention schools.
Results
Participation and feasibility
Adolescents' acceptability of the advice Table 2 gives an overview of the answers on questions concerning the advice received. Overall, the students in the intervention and control conditions were positive about the advice received, as indicated by scores .3 (scale 1-5). Highest mean scores were obtained in the control condition for the logical structure of the advice and in the intervention condition for having read the advice. Lowest scores in both conditions were for the amount of information given in the advice. The scores between the conditions differed significantly for the length of the advice (in the control condition the score for 'too long' was higher); for the personal aspect of the advice (the score was higher in the intervention schools); and for the amount of information given (the score was higher in the intervention schools for 'advice does not contain enough info'). Table 3 gives an overview of the sociodemographic differences in appreciation by condition. In the control condition as well as the intervention condition, boys appreciated the advice received less than girls for most items. The overweight adolescents in the control condition had a higher score on the items 'the advice is interesting' and 'the advice will help me to eat healthier' than normal weight adolescents. In the intervention condition, overweight adolescents had a higher score for 'the advice is well formulated', for 'having read the advice' and for 'I will use the advice' compared with normal weight adolescents.
Those adolescents following a special diet in the intervention condition had higher scores for the items 'the advice is logical', 'the advice will help me to eat healthier' and 'the advice does not contain enough info' v. those not following a special diet. There were no significant differences on the items for these adolescents in the control condition. In no condition were there significant differences in appreciation scores for younger v. older or for underweight v. normal weight adolescents. Table 4 shows the results of the analyses for the total sample at T1 (baseline), T2 (1 month) and T3 (3 months), investigating the effects of the computer-tailored intervention compared with the standard feedback after 1 month and after 3 months.
Intervention effects at the nutrient level
At T2 a significant interaction effect of weight status at baseline by condition was found for vitamin C. Separate analyses of normal weight and overweight adolescents resulted in a significant difference only for the overweight group. An increase in vitamin C was found for students in the intervention condition, mean intake from 33? Follow-up analysis of the total sample (n 621) found a significant main effect for percentage energy from fat (F 5 4?82, P 5 0?029). In the control group the percentage energy from fat increased at T2 and in the intervention group no change in fat intake was recorded.
At T3 (n 558) there was a modest intervention effect for percentage energy from fat, showing a smaller increase in the intervention condition (F 5 2?80, P 5 0?097). Moreover, there was a significant interaction effect for weight status at baseline by condition for percentage energy from fat and for Tailored nutrition advice for adolescents gender by condition for vitamin C. Separate analyses (data not shown) revealed a significant effect for percentage energy from fat in the overweight group (n 132) (F 5 5?75, P 5 0?02). In the control group fat intake increased from 29?6 (SD 7?1) % of energy to 31?4 (SD 9?1) % of energy; in the intervention group fat intake decreased slightly from 28?4 (SD 5?8) % of energy to 27?4 (SD 7?1) % of energy.
Discussion
The Food-O-Meter is a pilot version of a web-based tailored nutrition intervention for adolescents, developed for and implemented in six European cities. The aim of the intervention is to provide individualised advice to adolescents concerning their eating habits. Eating habits are very complex and a lot of items have to be considered when giving dietary advice, resulting in long texts or lessons. Tailored interventions can focus on the main problems of the eating habits of the respondents; the feedback given is specific for the person and can be kept shorter than general dietary advice. We hypothesised that short individualised advice would have more effect on the eating behaviour of adolescents than long standardised advice. Tailored interventions in adults showed positive effects for several dietary habits and effects were most consistent for fat reduction (42) ; and also for adolescents tailored interventions on fat (43) had positive or promising results. For the first time, a tailored intervention was developed aiming at giving advice on the total diet of adolescents.
Feasibility and acceptability
Implementation of the intervention differed between the European centres due to differences in and problems with ICT infrastructure in the schools and motivation of the teachers and the adolescents. In two study centres it was impossible to include the foreseen 200 students: in Dortmund, data on a considerable number of pupils were lost due to technical problems; in Heraklion, the implementation was problematic. Experience during the HELENA Table 4 Mean nutrient intakes at baseline and 1-month and 3-month follow-up for the total population Total sample (n 621) Control (n 240) Intervention (n 381) cross-sectional study with a computerised 24 h recall showed limited computer facilities in Cretan schools and a high level of computer illiteracy among the younger adolescents. The solution was to bring the adolescents and their informatics teachers to the university campus.
Although successful in ensuring a high completion rate for T1, this procedure was not feasible at T2 and T3. In Stockholm, the acceptability of the intervention by the teachers was less positive; the teachers refused to give more school hours for the implementation and evaluation as the HELENA cross-sectional study already had a great impact on curriculum time. Stockholm students were asked and instructed to use the application at home or during free time at school. About half of the students started the intervention. The fact that the intervention was nested in a cross-sectional study with a lot of questionnaires might explain these results. The evaluation of the tailored advice as well as the standardised advice was positive overall taking into account that it was the teacher who decided if the adolescents participated or not. The evaluation was more positive than found in earlier research with computerised tailored advice for fat reduction implemented in schools (43) . The more positive evaluation in the control condition of the present intervention compared with the previous fat advice might be due to the fact that the present intervention gave information on the total diet and that several topics were covered: in this way more students could find something interesting for them. In the intervention condition the overall positive evaluation might be due to the personalisation of the advice: the adolescents only got advice on problematic aspects of their personal eating habits. In addition, the computertailored advice used in the present study was much shorter than the version used in the previous study (43) . However, the score for 'the advice was too long' was rather high in the intervention condition as was the score for 'the advice did not contain enough info'. So the short tabular format did not contain the information the adolescents were expecting or needed. There were significant gender differences in the appreciation of the intervention, and more information is needed on what boys expect from such an intervention. A positive aspect was that overweight adolescents scored higher in the intervention condition on having read the advice and on the intention to use the advice. This positive evaluation was also reflected in the effect on fat intake especially in overweight adolescents.
The acceptability study revealed that adolescents are not very eager to use an intervention such as the Food-O-Meter more than once. The rate of participation dropped in all study centres during the second and third measurements. In those study centres where the teachers were willing to stimulate the adolescents to use the intervention and gave dedicated time during school hours, the participation rate was satisfactory. The feasibility study also showed that repeated use of the intervention should probably be embedded in a whole school programme. Additionally, nesting the impact study within the HELENA cross-sectional study resulted in an overload of measurements in schools, resulting in a lack of motivation to fulfil all the requirements for the intervention study, which was the last element of the HELENA activities in the schools.
Nutrient intakes
Analyses were done for the target nutrients fibre, Ca, vitamin C, Fe and percentage energy from fat. After 1 month a modest effect of the intervention was found for fat intake. Students receiving the standardised advice increased their fat intake, while fat intake was stable in the intervention condition. On the other hand, after 3 months, when the control group received the standardised advice twice and the intervention group received the tailored advice a second time, there was only a trend for an intervention effect of the tailored advice on fat intake in the total group. However in the overweight group there was a clear significant positive effect. In this important target group, the standardised advice resulted in an increase in fat intake in the control group but a clear decrease in fat intake in the intervention group. The findings on fat intake are more positive than the results of an earlier tailored computerised fat intervention (43) . In the present study, the more favourable evaluation of the intervention might have contributed to this result. The positive result in the overweight group might be due to a higher motivation of this group to change (44) . However, it should be noted that the overweight group reported a lower fat intake at all measurements than calculated for the total group.
As for the other nutrients, there was a significant positive effect only for vitamin C intake in the overweight group after 1 month.
A possible explanation for the generally modest effects is the format of the tailored advice. The tailored advice was given in a short tabular format. This format gave a short overview of the intake of the adolescent at the nutrient level, the shortcomings and suggestions to enhance their eating habits when needed. However, this short format might not be easy to understand for some students. Adolescents' evaluation of the advice also indicated that the students did not receive enough information to change their behaviour. Additionally, because the intervention targeted the total diet it was not possible to include psychosocial determinants of the intake, as these determinants are different for different foods. Another explanation for the modest effects might be that not enough adolescents got advice to change their behaviour because of the overestimation of their energy, Fe, fibre and vitamin C intakes and the underestimation of their percentage energy from fat due to the use of an FFQ (36) . The effects of the overestimation on the generated advice should be further explored.
Strengths and limitations of the study Strengths of the study are the evaluation of a tailored intervention against a standardised intervention and the evaluation in several European cities under real-life conditions. However the study also has several limitations. The samples in the study are rather small, and the loss of cases due to technical problems and non-availability of computers affects the reliability of the results. Numbers within cities were too small to execute separate cityspecific analyses. Future research should confirm the intervention effects in larger samples. The effects are based on self-reported intake of the adolescents. Although validated questionnaires were used, self-reported data are more often biased by social desirability and inaccurate responses.
Recommendations
To enhance the reliability of the tailored advice, the FFQ should be validated for each participating country and adapted where needed.
To enhance the effectiveness of the intervention, more research is needed on motivations of adolescents for changing their eating behaviour and what information they need to realise intentions for change. With this information the feedback can be made more relevant for the adolescents. The computer-based intervention in the present study was implemented as a stand-alone intervention, but more information is needed on what are the best conditions to implement the intervention, and the context of the implementation might be different in different countries depending on the nutrition education and nutrition policy in schools. A short motivational lesson before the start of the intervention and a follow-up in the classroom on what the adolescents did with the advice might enhance the effectiveness. Larger country samples are also needed to power the study to detect small but relevant intervention effects.
Conclusions
The current pilot study showed that, in most but not all study centres, the implementation of a web-based tailored intervention was feasible and although generally well appreciated by the adolescents, the advice did not contain the expected or needed information for the behaviour change. However, the ICT infrastructure in the schools can hinder the implementation, and in some cases the teachers should be better supported to motivate the adolescents to complete the intervention. The results were modest but clear for percentage energy from fat, specifically in the overweight group. Several aspects should be studied further to enhance the effectiveness of the intervention and larger studies should be conducted to test the effect on the total diet of all adolescents or subgroups of adolescents.
